ABSTRACT The anaesthetic agent halothane is still widely used in developing countries including the Islamic Republic of Iran because of its low price. Because of halothane-induced hepatitis, a rare complication, it has been replaced by other inhalation anaesthetics in Western countries; it has been suggested by some Iranian professionals that the Islamic Republic of Iran should do the same. We evaluated various dimensions of this replacement through a literature review to assess the incidence of halothane-induced hepatitis and costs of anaesthetics in the country. We also conducted a questionnaire survey of 30 anaesthesiology/gastroenterology experts about their views on the subject. The results indicate that the incidence of halothane hepatitis in the Islamic Republic of Iran is very low and could mostly be avoided by strict adherence to guidelines. 
Introduction
Anaesthesia has been influential in different fields of medical practice, especially in surgical procedures and efforts have been ongoing over the years to find the most suitable anaesthetic agent. Halothane, which was considered to be a great advance in the field of anaesthesiology, was first introduced in 1956 [1] . Methoxyflurane was introduced in 1960 [2] and then enflurane [3] , isoflurane [4] , desflurane [5] and sevoflurane [6] .
Some properties of halothane, such as having the lowest respiratory depression effect among inhalation anaesthetics and its low airway irritation, are very desirable and make it suitable for anaesthesia induction, while isoflurane and desflurane are so airway-irritant that they should not be used to induce anaesthesia [7] . However, complications have been reported following anaesthesia with halothane, especially halothaneinduced hepatitis [8] [9] [10] [11] , and it has generally been phased out in western countries [12] Nevertheless, halothane is still in considerable use in developing countries as it is the least expensive inhalation anaesthetic and its minimum alveolar concentration (MAC) is less than other inhalation anaesthetics [7] . Because the majority of the world's population live in developing countries, halothane remains the most commonly used inhalation anaesthetic agent across the world [13] . Halothane is manufactured in many countries and one of the largest producers is India [13] .
As mentioned above, hepatitis is the most significant complication of halothane anaesthesia and has 2 types. Type 1 is a mild hepatitis with an asymptomatic rise in liver enzymes, but type 2 manifests in the form of serious hepatotoxicity and is more likely to be associated with acute liver failure and death. However, this serious complication is relatively rare and occurs in 1 in 6000 to 1 in 35 000 patients [14] .
Arguments over halothane hepatitis began in the Islamic Republic of Iran in 2006 when a number of experts claimed that halothane should be considered a major health threat [10] . Consequently, under supervision of the Ministry of Health and Medical Education, several meetings were held in which gastroenterology and anaesthesiology experts evaluated the risks and benefits of the use of halothane in comparison with other available inhalation anaesthetics. They sought to come to a decision on whether or not halothane should continue to be used in the Islamic Republic of Iran and recommended further investigations (The National Healthcare Disparities Report) [13] .
Because of considerable disagreement among physicians about the incidence of halothane hepatitis in the Islamic Republic of Iran, it took policymakers 3 years to clarify how inhalation anaesthetic agents should be used and they recommended further investigations and cost-benefit analyses (The National Healthcare Disparities Report) [13] . Accordingly, considering the post-exposure probability of hepatitis, it was indicated that halothane should not be used in patients with a history of multiple exposure to halothane, especially where there was evidence of previous mild reaction, family history of sensitization, obesity and age over 50 years [15] . Multiple exposures, especially at intervals of < 6 weeks, positive history of jaundice or fever following anaesthesia, obesity, middle age, female sex, genetic predisposition and enzyme induction as a result of alcohol or barbiturate use have been demonstrated as risk factors of halothane-induced hepatitis [16] . To confirm some of these risk factors such as female sex, adult age and genetic predisposition, a murine model of halothane hepatitis was developed recently and resulted in production of reproducible severe hepatitis, with similar characteristics to human halothane hepatitis [17] .
Although paying attention to risk factors could decrease the risk of halothane-induced hepatitis, some professionals have insisted on the necessity of complete replacement of halothane with other inhalation agents such as isoflurane, sevoflurane and desflurane. Due to a lack of discussion of different aspects of this problem, we aimed to evaluate the various dimensions of the process of halothane elimination in the Islamic Republic of Iran through a review of the literature and a national survey of experts.
Methods

Literature review
A literature review up to the year 2009 was undertaken on major electronic databases, including Medline (PubMed), Embase, Scopus, Institute for Scientific Information (ISI) and the Cochrane library. The searches were done using several predefined combinations of the following keywords and MeSH terms or their equivalents: halothane, hepatitis, anaesthetics, inhalation anaesthetics, sevoflurane, desflurane, isoflurane, enflurane and cost. While "Iran" was not used as a search term, 3 national databases of medical and life sciences literature including Scientific Information Database (SID), Iranmedex and Magiran were included. The final list of titles were obtained and abstracts were reviewed by 2 of the authors (N.M and S.E). Eligible studies were then identified with the use of critical appraisal tools [18] and their full texts obtained. Furthermore, bibliographies of eligible studies were screened for other relevant studies. Manuscripts that were included were relevant studies that were published in full in English or Farsi. The final decision on their eligibility was made by consensus.
Questionnaire survey
A questionnaire survey was also conducted among the 30 recognized In addition, several meetings were held with some of the experts (10 meetings with 17 experts in total) who took part in the questionnaire survey (selected on the basis of their years of experience) with the aim of clarifying the different dimensions of the use of inhalation anaesthetics, such as their characteristics, costs and complications, and coming up with pragmatic solutions.
Results
Literature review
Even though a thorough search was performed to find relevant studies, no randomized clinical trial (RCT) concerning different economic and clinical issues between the use of various inhalation anaesthetics in Islamic Republic of Iran was found; nor in fact was any such RCT found anywhere else. However, conducting RCTs with the aim of comparing different anaesthetic agents with each other might not be possible because of ethical reasons. Thus, evidence from observational studies was considered and 21 papers were included for review. The most relevant national study was a retrospective case review of 59 halothane hepatitis cases that were reported over a 12-year period, between 1994 and 2006, from 7 Iranian hepatitis centres [10] .
Several factors might influence the reported cost of inhalation anaesthetics, such as the change in the cost of drugs over time as a result of competition amongst pharmaceutical companies. Hence accurate calculation of the direct and indirect costs of inhalation anaesthetics can be difficult [19, 20] . Furthermore, results obtained from studies in one centre cannot be generalized even to other institutes within the same country because of different costs they have to bear, such as different prices of drugs or personnel costs [21] . At the same time, factors like induction method, patient characteristics, hospitalization period, necessity of readmission in 3 months of discharge and necessity of admission to the intensive care unit have been shown to influence cost estimation [22] .
Hepatitis following anaesthesia induced by other inhalation anaesthetics has also been reported although it is rare [23] [24] [25] . 
Questionnaire survey
The opinions of the professors on the properties needed for the most appropriate inhalation anaesthetic agent for the Islamic Republic of Iran are summarized in Table 2 .
All participating experts considered halothane the cheapest anaesthetic agent because of its price, low minimum alveolar concentration and the less expensive vaporizers.
Eight experts believed that rapid recovery from anaesthesia induced by desflurane and sevoflurane may result in shorter periods of hospitalization and that might decrease the final costs. On the other hand, complications such as hyperthermia and hepatitis, which occur more often after halothane anaesthesia, may impose higher costs on the health system.
Ten experts stated that the act of replacing halothane with other inhalation anaesthetics cannot completely eliminate the risk of hepatitis and its consequent costs.
When professors were asked to choose the most suitable alternative in the Islamic Republic of Iran, the majority of them (23) proposed that it would be ideal to provide all operating rooms with a wide variety inhalation anaesthetics and give the anaesthesiologists the opportunity to select from of choices according to the circumstances.
Discussion
This study was performed to evaluate a decision made in the Islamic Republic of Iran to eliminate halothane and replace it with other inhalation anaesthetics such as isoflurane, sevoflurane and desflurane. Our results showed that no clinical trial or prospective study on inhalation anaesthetics, particularly their costs, has been performed in the Islamic Republic of Iran. Furthermore, studies done in other countries cannot be generalized to our country because of their obvious differences, for instance wide diversity of economic development. The annual incidence of halothane hepatitis in the Islamic Republic of Iran was estimated to be very low as noted in a retrospective case review which identified 59 cases over 12 years with a mortality rate of 12.2% and no liver transplantation [10] . On the other hand, the majority of these 59 reported cases could have been avoided by strict adherence to established guidelines. For instance, 10 patients received halothane, although they had a previous history of halothane post-exposure reaction, which is a contraindication of using halothane [10] .
Although a small number of reported halothane hepatitis cases in the Islamic Republic of Iran may be attributed to defects in the registry system whereby not all halothane hepatitis cases are being recorded, it can also be explained by the relatively low incidence of halothane hepatitis in this country. This claim is strengthened when one considers the large number of surgeries performed annually in the Islamic Republic of Iran. Although there is not an exact estimation, around 1 million patients undergo surgery each year and 90% to 95% of them are under general anaesthesia according to the statistics of the Ministry of Health and the Department of Anaesthesia of Shahid Beheshti University of Medical Sciences (The National Healthcare Disparities Report). In addition, it has been demonstrated that more than 80% of hospitals use halothane in the Islamic Republic of Iran [10] . Hence, based on annual incidence of 4 cases, at least 44 cases of type 2 halothane hepatitis would be expected to occur annually in the Islamic Republic of Iran, while what has been reported in previous articles is far fewer (The Iranian National Healthcare Report, 2001 ). This small number, in addition to the considerable cost that would be imposed on the health system to replace halothane with other agents [13] , should be kept in mind by policymakers.
It should also be taken into consideration that hepatitis can occur following administration of other inhalation anaesthetics. Thus, it is unlikely that treatment costs of probable hepatitis following anaesthesia can be completely eliminated by replacing halothane with other inhalation agents.
Analysis of the opinions of the experts in the survey showed that controversy still exists among specialists about complete elimination of halothane. The majority of the specialists agreed that complete omission of halothane would impose enormous costs on the health system. Actually, complete elimination of halothane in the Islamic Republic of Iran is not practicable because of the widespread distribution of this drug in nearly all operating rooms in our country, high number of operations performed annually, the inadequate insurance coverage for new anaesthetics, • History of use of liver enzyme inducing drugs (e.g. phenobarbital)
as well as low incidence of halothane hepatitis in the country. We would argue that all available inhalation agents should be provided in the Islamic Republic of Iran and they should be used appropriately according to the guidelines. In conclusion, we recommend to our colleagues that halothane not be used in contraindicated cases (Box 1). These contraindications have been defined by the Iranian Association of Gastroenterology and Hepatology, and we strongly support the introduction of a national registry database of all new cases of halothane-induced hepatitis for further decision-making.
To shed further light on this issue, a thorough cost-effectiveness analysis of halothane omission from the Islamic Republic of Iran's pharmacopoeia should be undertaken, taking into consideration the ethical dimensions of the matter. Consideration could be given to the possibility of explaining the characteristics and costs of the inhalation anaesthetics to the patients and letting them choose from the available options.
